Background: Most patients undergoing outpatient surgeries have the unpleasant experience of high level pain after surgery. Compared with open surgeries, arthroscopic procedures are less painful; however, inadequate pain management could be associated with significant concerns. Opioids alone or in combination with local anesthetics are frequently used for diminishing postoperative pain using intravenous or epidural infusion pumps. Despite morphine various disadvantages, it is commonly used for controlling pain after surgery. Objectives: The aim of this study was to compare intravenous paracetamol and patient-controlled analgesia (PCA) with morphine for the pain management following diagnostic knee arthroscopy in trauma patients. Patients and Methods: Sixty trauma patients who were scheduled to undergo knee arthroscopy were randomly divided into two groups. Patients immediately received intravenous infusion of 1 g paracetamol within 15 minutes after surgery and every 6 hours to 24 hours in the paracetamol group. The patient-controlled analgesia group received morphine through PCA infusion pump at 2 mL/h base rate and 1mL bolus every 15 minutes. Pain level, nausea and vomiting, and sedation were measured and recorded during entering the recovery, 15 and 30 minutes after entering the recovery, 2, 6, and 24 hours after starting morphine pump infusion in the morphine and paracetamol in the paracetamol groups. Results: There was no significant difference regarding the pain level at different times after entering the recovery between the two groups. No one from the paracetamol group developed drug complications. However, 22.3% in the PCA morphine suffered from postoperative nausea; there was a statistically significant difference regarding the sedation level, nausea, and vomiting at various times between the two groups. Conclusions: Intravenous administration of paracetamol immediately after knee arthroscopy improved postoperative pain, decreased analgesic administration, maintained stable hemodynamic parameters, had no complications related to opiates, no nausea and vomiting, and increased patient satisfaction and comfort in comparison to PCA with morphine.
Background
Patient safety has always been a major concern for the physician in all eras (1) and even ancient physicians used their own methods to reduce pain of the patients (2) . Recent advances in surgical techniques and anesthesia have increased the number of surgeries in outpatient setting worldwide. Consequently, more than 60% of patients in the West are outpatient surgery cases (3) . Diagnostic and therapeutic arthroscopies are common procedures for outpatient surgeries under general anesthesia or regional anesthesia. Compared with open surgeries, arthroscopic procedures are less painful; however, inadequate pain management could be associated with significant concerns. Cost-effectiveness of outpatient surgeries is well-known.
Effective postoperative pain controlling is necessary and important for optimizing patients comfort and satisfaction. Furthermore, providing a rapid recovery and reducing pain and discomfort for controlling pain after outpatient surgery is necessary to improve the patient outcome. Different analgesic techniques from multimodal approaches (4, 5) to blocks (6, 7) , corticosteroids (7, 8) , and local anesthetics (9) have been introduced. Analgesics administration is growing up in outpatient surgeries in order to prevent postoperative pain. Inad-equate control of pain after surgery is one of the key factors for failing to discharge patients (3, 10, 11) . Postoperative pain control improves the patient's ability and increases their performance in their daily life activities (12) .
Most patients undergoing outpatient surgeries have the unpleasant experience of high level pain after surgery (3, 10, 11) . About 30% -40% of the outpatient surgery candidates experience moderate to severe pain during first 24 -48 hours after surgery (13) (14) (15) . In some cases, the pain may become more severe over time and affect sleep and daily activities (16, 17) . Moreover, the duration and type of surgery have a significant effect on pain severity which may ultimately lead to further analgesic requirements (13, 15, 18) . Different techniques of anesthesia and analgesia have their own advantages and disadvantages. Patient-controlled analgesia (PCA) pump is one of the pain management methods in which the patient manages the pain using programmed infusion and further analgesic boluses. Drug infusion pump is set according to patient's needs to maintain adequate analgesia. Different groups of analgesics exert their effects through different mechanisms. Opioids are gold-standard analgesics for postoperative analgesia; however, due to their undesirable side effects, such as apnea, urinary retention, nausea, and vomiting can lead to patient discomfort. Opioids alone or in combination with local anesthetics are frequently used for diminishing postoperative pain using Intravenous or epidural infusion pumps. Despite morphine various disadvantages, it is commonly used for controlling pain after surgery. Onset time for intravenous morphine is 1 -2 minutes after injection; its peak effect is 3 -5 minutes after injection and the duration of its analgesic effect is 1-2 hours (18). Opioids and none-steroids anti-inflammatory drugs (NSAIDs) are the main analgesic drugs that are commonly used to control pain after surgery.
Other strategies are recently implemented to improve postoperative pain control and decline the side effects associated with opioids. Intravenous paracetamol (acetaminophen) is one of the new strategies used for improving mild to moderate pain intensity (19) . With an onset of action of 5 -10 minutes after the injection, acetaminophen displays a peak effect one hour after injection and its analgesic effects endure for 4 -6 hours (18) (19) (20) . Paracetamol is used for managing mild to mediocre pains (20) .
Objectives
The present study was conducted to compare Intravenous paracetamol and patient controlled analgesia with morphine for the pain management following diagnostic knee arthroscopy in Trauma patients.
Patients and Methods
This randomized clinical trial was conducted on 60 eligible trauma patients who were scheduled for undergoing diagnostic knee arthroscopy at Akhtar hospital in Tehran city, Iran, during October 2013 to October 2014.
Sample size was acquired using the two means comparison formula. The power value was determined to be 80%, with an assumed dropout rate of 20%. Considering d = 4, sample size of 30 for each group was obtained.
Before recruitment of first subject, study protocol was approved by local ethics committee of Shahid Beheshti University of medical sciences. The study has been performed in accordance with the ethical standards of the 1964 Declaration of Helsinki. All patients signed the informed consent forms prior to recruitment in the study.
The sample consisted of sequential selection of 60 patients who were divided consecutively and randomly into two groups (intravenous paracetamol or morphine PCA pumps).
Inclusion criteria were: trauma patients undergoing diagnostic knee arthroscopy under spinal anesthesia, patients between 15 -60 years of age, American society of anesthesiology classification (ASA) I-II, lack of other coexisting diseases and lack of history of neurologic drugs use.
Exclusion criteria were: contraindications of spinal anesthesia, history of analgesic medication 24 hours before surgery, inability to use the PCA, history of bleeding or coagulopathies within the previous month, liver or kidney failure, severe cardiopulmonary, obesity (body mass index > 30 kg/m 2 ), history of postoperative nausea and vomiting, history of migraine, history of complications during or after surgery, postoperative complications during 24 hours after surgery requiring intervention, known allergy, allergy or contraindications to opioid analgesics or nonopioid drugs, pregnancy or lactation, and history of alcohol or drug abuse.
All the patients were operated with the simultaneous presence of the same surgeon and anesthetist and the same surgical routine. The duration of the procedure was considered to be 30 to 40 minutes and in case of any complication which would make it longer, the patients were excluded from the study.
All the patients first received preanesthesia consisting of 50 mg of fentanyl and 1 mg of midazolam.
Blood pressure and heart rate were measured and recorded by Non invasion Blood Pressure (NIBP) monitoring and a pulse oximetry.
Spinal anesthesia was made by a puncture in the L4-L5 intervertebral space and infusion of 10 mg of 0.5% isobaric Bupivacaine®.
Systolic pressure decline of more than 30% of base level or less than 100 mmHg was considered as hypotension which was treated by infusion of intravenous fluids and 6 mg of ephedrine every 2 minutes until reaching normal blood pressure levels. Decrease of heart rate to less than 60 beats per minute was considered a major change, which was treated by the administration of 0.5 mg of intravenous atropine.
After the procedure, patients of the first group received intravenous infusion of 1g paracetamol (Apotel; UniPharma. SA, India) within 15 minutes after surgery and every 6 hours to 24 hours in the paracetamol group. At the same time, The PCA group received morphine through PCA infusion pump at 2 mL/h base rate and 1 mL bolus every 15 minutes.
Pain level, nausea and vomiting and sedation were measured and recorded during entering the recovery, 15 and 30 minutes after entering the recovery, 2, 6, and 24 hours after starting morphine pump infusion in the morphine and paracetamol in the paracetamol groups.
The pain score was measured based on visual analogue scale (VAS) scale (0 = no pain, 1 -3 = mild pain, 4 -7 = moderate pain, and 8 -10 = severe pain). If VAS was more than 3, 2 mg bolus morphine was injected.
Side effects of morphine were assessed every 4 hours in the first 24 hours after surgery. The drugs used in the first 24 hours after surgery, possible side effects of paracetamol (rash, thrombocytopenia, leukopenia, hypotension, and renal or liver failure), and patient analgesia satisfaction quality after 24 hours were evaluated based on VAS (zero = dissatisfaction, 1 -3 = medium satisfaction, 4 -6 = good satisfaction, and 7 -10 = high satisfaction).
Further morphine requirement based on mg, sedation score based on the Ramsay scale (21) (1-anxious, agitated, 2-quiet, alert, 3-sleepy, 4-dizzy with response to verbal commands, 5-no response to verbal commands, 6-no response to painful stimuli), and nausea and vomiting (22) (1 = no nausea, vomiting, 2 = nausea, 3 = once or twice nausea and vomiting, 4 = nausea and vomiting more than twice) were studied at different times.
The assessment was performed in recovery and in the ward by trained nursing staff who were not part of the team for the present study.
Data were analyzed using SPSS 19 (SPSS Inc, Chicago, IL, USA). Comparisons between the groups were made using Chi-square or Fisherʼ s exact test when appropriate and P value less than 0.05 was considered statistically significant.
Results
In the present study, 30 patients (50%) were in the paracetamol and 30 patients (50%) in the PCA morphine groups. Comparison of demographic data between the groups showed no significant statistical difference (Table 1) .
Changes in pain score between the two groups at different times are demonstrated in Figure 1 . There was no significant difference regarding the pain level at different times after entering recovery between two groups (P = 0.076).
Recovery time in the paracetamol and PCA morphine, administered further analgesic (morphine), the time for receiving first dose of opioids were compared and analyzed. None of the mentioned outcome measures showed a statistically significant difference between the two groups (P > 0.05) ( Table 2) .
No one from the paracetamol group developed drug complication. Nevertheless, 7 patients (22.3%) in the PCA morphine suffered from postoperative nausea; there was a statistically significant difference between the two groups in this regard (P = 0.005).
There was a statistically significant difference regarding the sedation level at various times between the two groups. Furthermore, there was a statistically significant difference regarding nausea and vomiting at the various times between the two groups. Moreover, there was a statistically significant difference regarding patient satisfaction between the two groups (P = 0.0001). 
Discussion
Effective control of postoperative pain is a major concern for anesthesiologists. Despite the development of improved methods of pain control, patients still suffer from inadequate postoperative pain management. Effective control of postoperative pain by opioids has several side-effects such as nausea, vomiting, pruritus, urinary retention and respiratory depression (23) . Therefore, the use of non-opioids has become more popular to avoid opioid-related side-effects (24) .
In this study, changes in pain scores between the two groups depicted no significant difference; during the 24 hours after surgery, paracetamol and morphine were similarly reduced the severity of postoperative pain. The pain severity 24 hours after operation was mild and none of the patients had pain in both paracetamol and morphine groups. Intravenous paracetamol has been reported to provide effective analgesia and pain control and consequently reduced opioid consumption after breast surgery outpatients. Reducing opiates consumption is very important because it leads to a decrease in side-effects and life-threatening complications of opioids. Admittedly, any therapy that reduces total opioid administration dose is considered an advantage. The results of this study are consistent with previous studies in which paracetamol declines the administration of opiates (25) (26) (27) .
In the clinical studies, one gram of intravenous paracetamol has been reported to be as effective as Ketorolac 30 mg, 75 mg diclofenac, and morphine 10 mg. It is beneficial for the treatment of moderate to severe pain after surgery (28, 29) . Sinatra et al. study showed that one gram of intravenous paracetamol in patients with moderate to severe pain resulted in rapid and effective analgesia in the first 24 hours after orthopedic surgeries (30) . Another study showed that nonopioid analgesics are beneficial as well as opioids in controlling pain after endonasal surgery (31) .
The exact mechanism of action of paracetamol has not been determined. Paracetamol may lead to the activation of serotonin receptor II and inhibition of cyclooxygenase pathway in the synthesis of prostaglandins with doublebarreled effect (32) (33) (34) . Paracetamol may be associated with hemorrhagic side-effects by inhibiting the synthesis of prostaglandins and related compounds which has only been reported for NSAIDs (32) . There was no bleeding case in the present study.
All of the paracetamol patients were calm and alert at discharge while 7 patients of the PCA morphine were anxious, agitated, and restless 15 and 30 minutes after entering the recovery. This may be due to insufficient control of pain in the paracetamol group. In the present study, no significant changes in systolic blood pressure, diastolic blood pressure, means arterial blood pressure, and heart rate were observed in the paracetamol group. Paracetamol may decrease cardiac output and peripheral vascular resistance (35) . In our study, systolic and diastolic blood pressure, and mean arterial blood pressure decline was 5 mmHg and blood pressure was maintained within the normal range; none of patients developed hypotension.
Also, in the morphine pump group, imbalance in hemodynamic was observed frequently; while, the paracetamol group patients experienced a further stable hemodynamics.
The results obtained from our study presented that intravenous administration of one gram of paracetamol in diagnostic arthroscopic knee surgery immediately after the surgery has clinical benefits such as improved postoperative pain, decreasing of analgesics administration, stable hemodynamic parameters, reducing length of hospitalization in the recovery room, lack of complications related to opiates, no nausea and vomiting, and increased patient satisfaction and comfort. Conducting studies with different doses of paracetamol, different surgical processes and larger sample sizes are recommended for the future studies.
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